Historically, outbreaks of Ebola virus disease (EVD) have been contained within rural regions of Africa, and limited in scope to a few hundred cases. This pattern changed, however, with the EVD outbreak that started in Guinea in December of 2013, resulting in an unprecedented widespread epidemic [1] .
Signs and symptoms of EVD appear within 2-21 days after Ebola virus (EBOV) infection [2] . EVD typically begins with fever, malaise, weakness, headache, and sometimes delirium [3] . A gastroenteritis and hepatitis phase follows, which has been predominant in this current outbreak [4] . This phase can result in multiorgan system failure, either as a result of excessive proinflammatory cytokine production [5] or as a direct effect of the viral invasion of affected organs [2] . A higher level of EBOV viremia is associated with higher mortality [6] . Moreover, the extent of acute organ failure influences the prognosis of recovery from EVD [7] . In some West African settings, aggressive volume repletion and minimal laboratory monitoring has improved survival, but mortality remains >40% [8] .
Although several investigational therapies are being considered for treatment of EVD, all are in early stages of development with most in the preclinical stages [9] . Current approaches include (1) small-molecule inhibitors of virus entry and endosomal escape, (2) compounds that block viral replication, and (3) compounds aimed at symptoms of inflammation and coagulopathy [4, 10] . Only limited preclinical in vivo data are available, and few of these treatments have progressed to phase 1 clinical trials. The current outbreak has highlighted the need for proven treatments for patients with EVD [11] . As underscored in many reports, optimizing clinical supportive care for EVD patients may sustain survival until their native immune systems can clear EBOV viremia, promoting recovery [12, 13] . Improved supportive care may be contributing to the substantially lower mortality in EVD patients managed outside West Africa compared with resource-limited settings [3] .
One investigational antiviral is a lipid-bound small interfering RNA (siRNA) [14, 15] known as TKM-100802, which targets the L polymerase, viral protein 24, and viral protein 35 [16] . In guinea pig models of EVD, TKM-100802 was found to be more efficacious and protective than the siRNAs carried by polyethylenimine polyplexes [17] . Additionally, in this experiment, treatment with 1 of the 4 siRNAs directed against the L polymerase protected guinea pigs from lethal EBOV challenge [17] . Furthermore, a combination of the modified siRNAs given for 7 days protected nonhuman primates (NHPs) after lethal challenge [16] . In NHPs, lipid nanoparticle delivery of an siRNA directed against the nucleoprotein of Marburg virus, a filovirus related to EBOV, was protective against lethal Marburg virus challenge [14] .
Antibody production in individuals with EVD is associated with EBOV clearance; therefore, supporting the patient until initiation of robust antibody production is essential. Numerous studies have focused on the delivery of protective antibodies to patients during acute viremia before they mount an immune response, although few studies have been conducted with EVD [18, 19] . Convalescent plasma has been used to treat other viral diseases that are associated with high mortality, such as highly pathogenic avian influenza A(H5N1) [20] . In a limited study, whole blood from convalescent patients was used to treat 8 patients with EVD in 1995, with a reported mortality of 12.5% compared with 80% in controls [21] . However, the convalescent whole blood transfusion recipients received a higher level of supportive care than other EVD patients in the outbreak. In addition, the 7 patients who survived all had received the transfusion during the second week of illness, whereas the 1 patient who died received it on day 4, and a retrospective analysis reported that convalescent whole blood transfusion was not associated with survival from EVD. Another study did not find survival benefit of convalescent whole blood transfusion in rhesus macaques when administered soon after lethal EBOV challenge and before symptom onset, compared with untreated animals. In 2012, Dye et al demonstrated protection of EBOV-challenged macaques from multiple administrations of purified, polyclonal, species-matched immunoglobulin G preparations obtained from vaccinated animals [22] , suggesting that administration of high levels of speciesmatched antibodies may increase survival. At this time, the use of convalescent plasma derived from apheresis collections for treatment of EVD has not been systematically investigated.
Herein we report 2 individuals who were managed in the United States after contracting EVD in West Africa. Following informed consent in both patients, TKM-100802 was given under emergency use protocols filed to the Sponsor's Investigational New Drug (IND) application and approved by the US Food and Drug Administration, with the goal of 7 daily infusions: beginning with 0.3 mg/kg on day 1 of treatment, then 0.4 mg/kg on day 2, and 0.5 mg/kg on days 3-7. Similarly, after emergency IND and institutional review board approvals and patient consent, these patients also received convalescent plasma at a dose and frequency determined by the clinicians at each institution. The University of Nebraska Medical Center (UNMC) and Emory University Hospital (EUH) used the same plasma collection protocol, which did not include pathogen inactivation, initiated at UNMC and based on World Health Organization guidelines (http://www.who.int/csr/resources/publications/ebola/ convalescent-treatment/en/) (Supplementary Data).
CASE REPORTS

Patient 1
The first patient was a previously healthy 51-year-old male physician who was working in a hospital near Monrovia, Liberia, when he developed persistent fever (temperature range, 37.7°C -39.0°C) on 29 August 2014 (day 1 of illness). He tested positive for EBOV by reverse transcription polymerase chain reaction (RT-PCR) on day 4 of illness and was admitted to an Ebola treatment unit in Monrovia, Liberia. On day 5 of illness, he developed nausea, vomiting, and diarrhea, and a diffuse pruritic rash. The patient was medically evacuated to the United States on day 7.
He arrived at the Nebraska Biocontainment Unit on 5 September 2014 (day 8 of illness). On arrival, he complained of nausea and exhibited vomiting along with watery diarrhea. His initial temperature was 36.9°C, blood pressure was 127/ 73 mm Hg, pulse was 85 beats/minute, respiratory rate was 16 breaths/minute, and oxygen saturation was 84% on room air. He was placed on 2 L/minute oxygen via nasal cannula, with improvement in oxygen saturation to 94%. On exam, he appeared extremely fatigued. He was able to answer questions but exhibited delirium. Physical examination was remarkable for bilateral conjunctivitis, dry mucous membranes with mild oropharyngeal erythema, and diffuse macular rash that was pruritic. Initial laboratory studies demonstrated a white blood cell (WBC) count of 9.5 × 10 3 cells/µL, hemoglobin of 12.5 g/ dL, and a platelet count of 32 × 10 3 platelets/µL. A coagulation profile and basic metabolic panel were within normal limits except for a potassium level of 3.2 mmol/L. Liver function tests revealed elevated aspartate aminotransferase (AST) (651 U/L), alanine aminotransferase (ALT) (203 U/L), γ-glutamyl transferase (GGT) (112 U/L), and normal total bilirubin (0.6 mg/dL). Aerobic and anaerobic blood cultures were negative. An internal jugular central venous catheter was placed, and lactated Ringer's solution was administered at 100 mL/hour. The patient's oxygen saturation decreased to 88% on 2 L oxygen via nasal cannula, and a chest radiograph demonstrated findings suggestive of pulmonary edema; his condition improved after administration of 20 mg of intravenous furosemide. The patient was given the first TKM-100802 infusion (0.3 mg/kg) on the evening of day 8 of illness, and daily for the next 6 days (0.4 mg/kg on illness day 9, and 0.5 mg/kg on illness days [10] [11] [12] [13] [14] . After the first 3 infusions, he experienced fever (maximum temperature [T max ], 39.5°C) and rigors 30 minutes, 2.5 hours, and 5 hours after infusion, respectively. He also experienced rigors following the seventh infusion (T max , 37.9°C). One liter of type-specific convalescent plasma from a recovered EVD patient was infused in two 500-mL transfusions on days 9 and 10 of illness without evidence of a transfusion reaction. He was initiated on total parenteral nutrition on day 10 of illness, and as his gastrointestinal symptoms improved, he was able to tolerate small amounts of food beginning on day 12 of illness. The platelet count normalized to 153 × 10 3 platelets/µL on day 11 of illness. Aminotransferases trended upward to a peak AST of 1158 U/L and ALT of 351 U/L on day 9 of illness, then gradually trended downward, normalizing on day 24 of illness. His clinical status gradually improved; however, he continued to have significant weakness and marked fatigue. Throughout his stay, plasma samples were sent to the Centers for Disease Control and Prevention (Atlanta, Georgia) for monitoring of EBOV RNA levels. The lowest quantitative RT-PCR cycle threshold (Ct) value (reflecting highest EBOV RNA level) of 25.6 was recorded on admission, followed by a linear increase in Ct values during his hospitalization ( Figure 1 ). Plasma tested negative for EBOV RNA on illness days 22, 24, and 25. He was discharged from the Nebraska Biocontainment Unit on day 28. 
Patient 2
The second patient was a previously healthy 43-year-old male physician who contracted EVD in Sierra Leone while treating patients in an Ebola treatment unit. AST 155 U/L, ALT 40 U/L, GGT 55 U/L, and total bilirubin 0.5 mg/dL. Rapid malaria test on admission was negative. The patient was given an initial TKM-100802 infusion (0.3 mg/kg) on the evening of day 3 of illness just prior to being medically evacuated, 0.4 mg/kg on day 4, and 0.5 mg/kg on days 5-8. The patient's blood had suspected lipemia as demonstrated by the chemistry analyzer reading on admission to EUH after the first infusion with TKM-100802; the lipemia worsened during the initial days of his hospital stay and interfered with the laboratory monitoring (Figure 2) . He developed significant gastroenteritis and hepatitis on illness day 6, producing approximately 10 L of stool in a 24-hour period. Loperamide was given and stool output decreased. Stool testing on a multiplex PCR for gastrointestinal pathogens on day 7 of illness demonstrated the presence of enteropathogenic Escherichia coli that was treated empirically from days 7-9 with intravenous ceftriaxone.
On illness day 8, he developed oliguric acute kidney injury (AKI) with the visualization of muddy-brown casts in urine sediment, most likely secondary to acute tubular necrosis. His creatinine value peaked at 10.4 mg/dL on day 11. Progressive hypoxic acute respiratory failure developed that required invasive mechanical ventilation starting on illness day 9. Chest radiography performed per the Emory SCDU protocol [23] on that day demonstrated multifocal interstitial infiltrates consistent with acute respiratory distress syndrome (ARDS). TKM-100802 was discontinued after the fifth dose because of concern that this treatment was contributing to overall clinical deterioration. He developed worsening metabolic acidosis and atrial fibrillation with rapid ventricular response that responded to intravenous amiodarone. He was started on continuous renal replacement therapy (CRRT) on illness day 11 [24] . Six doses of convalescent plasma (500 mL each) from a recovered EVD patient were administered on days 8, 9, 11, 12, 14, and 15. Transfusion of the initial 500 mL was associated with worsening shortness of breath and increasing oxygen requirements. This event coincided with development of AKI and ARDS, requiring intubation. Transient vasopressor support with norepinephrine was required after initiation of CRRT. He was placed on low tidal volume ventilation for presumptive ARDS. The patient developed a paralytic ileus and had an increasing WBC to 22.6 × 10 3 cells/µL. Due to concerns for enteric bacterial translocation and sepsis on day number 13, ceftriaxone was replaced by meropenem for broad gram-negative coverage and ceftaroline was added for methicillin-resistant Staphylococcus aureus coverage as serum vancomycin levels could not be measured [12] . The patient's respiratory status slowly improved and he was extubated on day 21 of illness. After extubation, the patient remained delirious until day 30 of illness. The course of CRRT and renal outcomes has been described elsewhere [24] , but the patient required CRRT for 24 total days and experienced renal recovery and liberation from dialysis.
His RT-PCR Ct values are detailed in Figure 2 . On days 37 and 38 of illness, the patient had 2 blood specimens collected >24 hours apart that were negative for EBOV RNA, and he was transferred out of isolation in the biocontainment unit. He was discharged on illness day 44. Sequelae of illness included generalized deconditioning, proximal muscle weakness, difficulty ambulating, word-finding difficulties, and residual left shoulder capsulitis.
DISCUSSION
The treatment of patients with EVD in the United States presents an opportunity to evaluate investigational therapeutics in settings with close clinical and laboratory monitoring. However, it is unknown whether the uncontrolled use of any specific experimental treatment modality or combinations thereof may have altered the clinical course of these EVD survivors.
Aggressive supportive care likely contributed to the recovery of these patients, which has also been observed in patients treated in Europe [4, 12] . In both of the patients described in this report, anorexia and severe gastroenteritis were dominant symptoms, and early nutritional replacement was provided with total parenteral nutrition. Fluid replacement and electrolyte monitoring with supplementation were important in the supportive care for both patients, consistent with earlier reports [11] . Empiric antibiotics were given to patient 2 for possible secondary bacterial septicemia; however, all blood cultures were negative. We have also described that invasive mechanical ventilation and CRRT can be safely performed in facilities with training and experience in caring for these highly infectious patients [24] , which can provide an additional level of supportive care until their viremia diminishes and organ injury or failure resolves. It is also apparent that when the viremia resolves, the direct and indirect effects of EBOV infection improve.
These 2 EVD patients were the first to receive both TKM-100802 and convalescent plasma derived from an apheresis collection. The deteriorating clinical course of patient 2 was attributed to EVD, but the possibility that the experimental treatments played some role cannot be excluded. In prior clinical studies for TKM-100802 regarding the safety and efficacy of siRNA for treatment of transthyretin amyloidosis, there were no significant changes in hematologic, hepatic, or renal measurements or in thyroid function, and there were no drug-related serious adverse events or any study-drug discontinuations because of adverse events [25] . Patient 1 completed 7 days of TKM-100802 and experienced fever and rigors, which are not unexpected adverse events with an siRNA product. In patient 2, TKM-100802 was discontinued after 6 days because of clinical decline, resulting in multiorgan system failure. Activation of inflammatory pathways can predispose to pathology including AKI, but it is unclear what role, if any, TKM-100802 played in the course of illness in these 2 patients. Future studies with siRNA products should direct attention to the possibility of adverse effects by the mechanism of immune activation.
Regarding the utility of convalescent plasma, it is similarly unclear if the anti-Ebola immunoglobulins or other plasma components contributed to the patients' recoveries. Endothelial activation and associated damage are associated with EBOV infection and may be similar to trauma situations where there is massive endothelial disruption. Therefore, replenishing plasma coagulation factors may be a beneficial therapy [26] . There are also active components in human plasma or whole blood that may help treat diseases associated with vascular leakage via endothelial stabilization and colloid support [27] . Convalescent plasma is not a standardized product, and further investigation regarding levels of neutralizing antibodies, as well as polyfunctional antibodies, is necessary. It is unclear what the therapeutic regimen should be for convalescent plasma (eg, number of doses, volume, timing) and what constitutes an effective donor by EBOV-specific antibody testing. Finally, the 2 patients we have described received type-specific convalescent plasma, but ABO-incompatible convalescent plasma transfusions could be considered if a compatible type were not available.
Both of these patients received TKM-100802 followed by convalescent plasma for the treatment of EVD. Both patients survived; however, the contribution of the investigational therapies to clinical recovery is unknown. Controlled trials are needed to determine the effects that such therapies have on the clinical course of EVD.
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